INTRODUCTION
Many of the unusual and unfamiliar analytical methods of yesterday have become the common methods of today. Therefore, when we speak of "unusual" functional groups we refer to those that are now novel but that may evolve with time and use into the usual and well-known.
With advances in knowledge of the physical and chemical properties of organic molecules, new types of functional groups are being found, some of which appear strange and unusual at the moment while others are more sharply delineated sub-divisions of well-known functional groups. The sub-divisional functional group contains the original functional group with additional atoms; for example, one sub-division of a ketonic C =Ü functional group is the -CHz-CO-CH3 grouping. Methods of analysis for compounds containing such a sub-divisional grouping are usually more highly selective.
Examples will be given of some well-known families of compounds, each theoretically containing a common functional group which, until recently, had not been exploited for analytical purposes.
Environmental health problems have proliferated tremendously in the past 40 years mainly because of the growing complex.ity of the chemical environment in which we live. Examples of this phenomenon are smog and the growing dinginess of the urban atmosphere; this dinginess indicates the accelerating infiltration of our air by man-made pollutants. Because of the increasing chemical pollution of our environment and its sometimes adverse effect on man, other life forms, and man-made objects, it is necessary first to determine the composition of the complicated mixtures with which we are in contact and then to decrease the concentrations ofthe harmful compounds. A combination of chromatographic and functional group methods has proved valuable in identifying and determining these chemicals. Functional group methods are being used in the direct analysis of many mixtures to detect or determine one compound or a family of compounds. Examples of a few types of unusual functional group methods will be given. This paper will be concerned only with the unwual functional group methods that are useful in the picogram to microgram region.
AROMATIC HYDROGARBONS
A simple procedure for the estimation of aromatic compounds in complex mixtures is availablel, 2 and has been wed in the estimation of benzo[a]~ pyrene in urban atmospheres3. The reagent is piperonal chloride, which forms a diarylmethane cationic dye, as shown in Figure 1 . Under the conditions of the proGedure the reagent attacks compounds more basic than benzene at their point of highest electron density, which must be an aromatic carbon with an attached hydrogen atom. This means that aromatic amines, aza heterocyclic compounds, nitroarenes, quinones, aromatic carbonyl compounds and polyhalo aromatic compounds do not react. Some of the compounds that do give positive results in the procedure are the methylated benzenes, the polynuclear aromatic hydrocarbons, phenols, N-acylated aromatic amines4, aromatic sulfides, aromatic ethers, and oxygen, sulfur, and imino heterocyclic compounds. The aromatic hydrocarbons that react with the reagent have a very wide range ofbasicity5; even hydrocarbons as strongly basic as azulene will react. However, on an alumina plate the piperonal test is much more selective6. Many polynuclear aromatic hydrocarbons that give positive results in solution give negative results on the plate. Azulene and the polynuclear azulenes can be detected or determ.ined by means oftheir spectral bands in the 500-700 mt-t region ifthey are present in fairly large amounts. 4-Dimethylaminobenzaldehyde was the first of the electrophilic reagents found to give a hundred times better sensitivity than the direct method in the determination ofthe azulenes7, s. Since then, nine more electrophilic reagents for the determination of the azulenes have been found9. These reagents should be capable of detecting or determining azulene derivatives and polynuclear aromatic hydrocarbon ring systems containing an azulene ring with the 1 or 3 position unsubstituted. The reaction of one of the reagents with azulene is shown in Figure 2 .
1:0
Only the p-dimethylaminobenzaldehyde reagent has been used to locate and identify azulenes on paper chromatograms 1 0. This functional group is Heterocyclic compounds containing structures iso-7Twelectronic to (I), where the CH=CH group in the seven-membered ring is replaced by an 0, S, or NR group, would also be expected to react with the electrophilic reagents. The cyclopentadienic CH 2 grouping is another functional group for which methods of analysis are available. The reaction of 1,2-dinitrobenzene, 1,4-dinitrobenzene, and 1,4-dinitronaphthalene with compounds containing the cyclopentadiene CH 2 group, in alkaline solution, results in a stable blue to green colour with long wavelength maxima rauging from 570 to 775 m!J.ll. The wavelength maxima and identification Iimits were reported for the reaction of 1,2-dinitrobenzene in alkaline solution, with cyclopentadiene, indene, benzfluorenes, and over 100 fluorene derivatives. Table 1 lists the wavelength maxima and identification Iimits of a few compounds that react with 1,2-dinitrobenzene in the procedure. All that is known ofthe mechanism of reaction is that compounds with active hydrogen react with o-or p-disubstituted dinitroarenes in alkaline solution to give a blue to green chromogen. With the help of this test, 11H-indeno[l , 2-b ] quinoline12 and the benzfluorenesll were detected in the urban atmosphere for the first time.
A thermochromic method for the detection of compounds con taining the fluorenic CH 2 group is also available 1 3. Negative results are obtained with fluorene derivatives containing electronegative groups or acidic hydrogen other than in the 9-methylene group. Thus, negative results could be expected with the amino, hydroxy, carboxy, acetyl, methanesulfonyl, and nitrofluorenes. The method has been used to confirm the presence of fluorene in urban atmospheres14. The postulated mechanism of the test is shown in Figure 3 . Pyrene and many of its derivatives can be detected by a nitration test, illustrated in Table 215 . A brilliant blue polynitro anion, absorbing at approximately 620 m~, is formed. Modification should make the procedure capable of detecting benzo[a]pyrene and some of its derivatives.
Benzo[a]pyrene can be detected16 or estimated17 fluorometrically as the cationic salt in the presence of other polynuclear aromatic hydrocarbons. In the detection method its fluorescence emission spectrum was IDENTIFICATION OF UNUSUAL FUNCTJONAL GROUPS Table 3 . Through appropriate instrumental changes these Iimits could be decreased. By proper modification of the slits, and by use of a hand-picked, highly sensitive phototube and the most efficient vacuum tubes in the photomultiplier microphotometer, the sensitivity could be improved tenfold. Another improvement in sensitivity could be obtained by using 0·01-ml cells. I t can be seen from Table 3 that the presence of a pyrazine ring in the ftuoranthenic part of the moleeule did not quench the ftuoreseenee. One moleeule eontained a ring system iso-1T-eleetronie to ftuoranthene (S substituted for -CH=CH-) and still ftuoreseed.
Another solvent system that ean be used in the determination of fluorantbcnie hydroearbons is carbon disulfidel9. Aza heterocyclie compounds fluoresee in carbon disulfide while the aromatic amines and polynuclear earbazoles thus far investigated do not. Garbon disulfide can also be used as the solvent in the ßuorometric determination of perylene. The detection Iimit is 2 ng, so that perylene ean be determined in commercial samples of benzo been given of the applieation of the queuehing phenomenon to differentiate between fluoranthenic hydroearbons and other aromatie hydrocarbons and between aromatic and aza heterocyclic aromatic hydrocarbons on the plate 20 . The use of a non-volatile quencher in the developer has also proved useful20, Thus, with pentane-nitrobenzene (9:1, VJV) as the developer on an alumina thin-layer plate, the fluorescence of the aromatic hydrocarbons and ofsome ofthe aza heterocyclic hydrocarbons is quenched. On treatment with trifluoroacetic acid fumes, practically all the aza compounds become fluorescent while the aromatic hydrocarbons remain non-fluorescent 2 0.
AZA HETEROCYCLIC COMPOUNDS
Another strange functional group that has been investigated is the pyridine group. The splitting of this ring into a polymethine dye has been used in determining pyridine in polluted air21 and water22, 23, This type of reaction has been used to detect and determine pyridine and many of its derivatives. Examples of some of the pyridine derivatives that have been estimated by the ring-splitting reaction are given in Table 4 . The 2-chloro, 2-methyl, 3-chloro, 3-cyano and 3-hydroxypyridines give negative results24. This reaction of the pyridine functional group needs much more thorough investigation, especially as to reagents and direct analysis on the paper or thin-layer chromatograms. The pentamethine dye obtained in the determination of pyridine with barbituric acid is red and gives an intense red fluorescence in alkaline solution37. In the presence of a magnesium salt the anion becomes blue. Neither the red fluorescence nor the blue colour has yet been thoroughly explored.
Pyridine derivatives have also been detected and estimated on paper chromatograms. 2-Ethylthioisonicotinamide is detected on a paper chromatogram by spraying with a 0·1 per cent solution of p-phenylenediamine followed by exposure to cyanogen bromide vapour28. A purple spot of the cationic dye is obtained in the presence of not less than 5 (Lg of 2-ethylthioisonicotinamide. Nicotinic acid in coffee was determined by paper chromatography followed by treatment of the spots first with cyanogen bromide vapour and then with benzidine reagent38, The density ofthe pink spots was determined with a photoelectric densitometer and the concentrations were calculated with the help of a standard curve. Pyridine derivatives have also been detected on paper chromatograms by spraying with aqueous barbituric acid followed by exposure to cyanogen chloride vapours24.
The promising next step is the formation of a fluorescent chromogen from a pyridine functional group followed by direct fluorometric analysis of this spot on a paper or thin-layer chromatogram.
Another functional group of recent interest is obtained when a nitrogen atom is substituted for a methine group in a polynuclear aromatic hydrocarbon. These aza heterocyclic hydrocarbons can be detected or determined in the presence of many other types of organic compounds by quenchofluorometric techniqueslS, 1 9. Table 5 The direct use of queuehing in thin-layer chromatography has simplified the detection and identification of some two dozen aza heterocyclic hydrocarbons isolated from air pollution sources and urban air-borne particles12, 39, 42 . Some examples ofthe use ofa volatile queueher in the developer, a non-volatile quencher in the developer, and the fuming of a chromatogram with a volatile queueher have been given20. One use ofthese queuehing methods is to differentiate aza compounds from other types of ftuorescent molecules. Table 6 presents a few examples of the various queuehing techniques. Other examples will be given of queuehing teehniques that are highly selective for other types of functional groups.
AROMATIC AMINESAND HETEROCYCLIC IMINES
Compounds containing the functional group ArNH-can be detected and determined by means of the absorption and fluorescence spectra of the anion, ArN-43, Since these eompounds are mueh less acidic than carboxylic acids or phenolic eompounds, they will form anions only in strongly basic solutions. In this manner they are readily differentiated from the stronger acids. The absorption and fluorescence bands of the imine anion are at Ionger wavelengths than those of the neutral compound. This functional group can be sub-divided into two sub-groups on the basis of the fact that the aromatic primary amines and the aralkyl amines are much more basic than the diarylamines. Consequently the formerdass of compounds forms salts in moderately strong solutions, while the latter class does not. The absorption and ftuorescence spectra of the aromatic amine salts then resemble that of the parent hydrocarbon, while the spectra of the diary1 amines are unchanged.
U se has been made of the absorption and fluorescence properties of the anions ofthe functional group Ar-NH-to prove the presence of carbazole and the polynuclear earbazoles in polluted air44-46.
Another funetional group that can be readily characterized on a thinlayer plate is the Ar-N-Ar grouping. Treatment with triftuoroacetic acid and ultraviolet light will give a blue to green colour with compounds such as carbazole, 9-methylcarbazole, diphenylamine, triphenylamine, andphenyl-1-naphthylamine6. Thus, in the presenee ofall types offtuorescent molecules, compounds containing the Ar-N-Ar grouping can be readily detected. An example of this phenomenon is the estimation of carbazole in an air sample on a thin-layer plate. The organic particulate sample used in this case was obtained from air polluted with coal-tar-pitch fumes and was then separated by alumina thin-layer chromatography. the standard, the molar absorptivities for most of the other compounds should be capable of improvement by modifications in the procedure. The detection Iimits for the compounds on the spot plate or on paper have also been determined. On paper these limits were slightly lower and werein the range 0·1-1 (J.g.
The
Q-L-grouping can also be detected, identified, and determined with the help of quenchofluorometry43. The method has been applied to polynuclear members of this family. Table 8 shows that in alkaline aniline or dimethylhydrazine solution the aromatic amines and the heterocyclic imines fluoresce, while all the other types of compounds ( except pyrenoline) are quenched. Table 8 indicates many other analytical possibilities. The one pertinent to this section is the differentiation of the !arger Table 8 . Selective queuehing effectt of o-cresol and alkaline solutions of aniline and N,N-dimethylhydrazine43
Q Q aromatic amines from the heterocyclic imines in o-cresol solution, in that the amines fluoresce while the carbazoles do not. The usefulness of the quenching effects of various solvent systems in the direct fluorometric analysis on the plate of compounds containing the aromatic amine and diarylamine functional groups has been discussed.
Compounds containing the group (IJ) can be detected on a paper49 or a thin-layer50 chromatogram by treatment with acidified formaldehyde followed by heating at 90°C to dryness. Under ultraviolet light a positive result is indicated by the yellow to green fluorescent colour of the treated spot. The visible colour of the spots is yellow to brown. The fluorescence colours for the spots obtained on paper and thinlayer chromatograms and the detection limits obtained on the latter chromatograms are given in Table 9 . On the thin-layer chromatogram indole and its 3-acrylic acid were reported as giving a green fluorescent spot with the reagent at detection limits of 0·01 and 0·1 (.Lg, respectively50. Negative results are reported with the paper chromatogram when the substituent on the methylene of the functional group is -OH, -indolyl or dimethylamine49. Since the method is very sensitive, the various indole compounds will be better characterized by direct spectrophotofluorometric examination of the spots under the various conditions at which optimum results are obtained51. Table 9 . Fluorescence identification on the chromatogram of the 3-methyleneindole functional group The procedure has been modified so that the 3-methylindoles give negative results below 20 11-g concentrations while tryptophan can be determined fluorometrically on paper or thin-layer chromatograms at concentrations as low as 50 ng52. The equation for this test proceeds as follows:
Heterocyclic imines containing the functional group NH-CH2-CH2-in the ring react with various cyclic a-diketones and o-quinones to give colonred products related to isatin blue53. The method has been used to detect some piperidine and pyrrolidine alkaloids on a paper chromato-gram54. Thus, the reaction between isatin and piperidine gives a blue dye(III), Amax = 635 ffitJ. and E = 40,000, in dimethylformamide53.
The results obtained with various compounds containing the functional group are shown in Table JOM . Some of these compounds lose a carboxy QUINONES Quinones can be divided into the following functional group types: benzoquinones, naphthoquinones, terminal-ring quinones, inner-ring o-quinones, and inner-ring p-quinones.
Benzoquinones can be determined by reaction with 2,4-dinitrophenylhydrazine56. The chromogen formed is stated to contain the structure:
Depending on the pH of the solution either the mono-anion or the di-anion of the chromogen could be determined. The di-anion has been deter-:rnined56; it absorbs at a wavelength of 615 ID[J.. Napthoquinones and a-dicarbonyl compounds R-00-00-R (where R can be hydrogen or an alkyl or aryl substituent) also reacted in the procedure.
Terminal ring quinones are readily determined through their reaction with quinaldinium or lepidinium salts57. The determination of 1,4-naphthoquinone with 1-methylquinaldinium methosulfate is based on the reaction shown in Figure 9 . Methods for the detection58 and determination59 of 1,4-naphthoquinones have been described. The results obtained in the identification procedure are shown in Table 11 . The equation for this striking test has been described58. The chromogen formed from 1 ,4-naphthoquinone has wavelengths at 495 and 790 IDfJ. with e = 16,000 and 15,000, respectively59. The sensi-tivity of this method is capable of further improvement. Negative results are given by benzoquinone, 1,2-naphthoquinone, phenanthraquinone, anthraquinone, acenaphthaquinone, and 1,4-naphthoquinones substituted with amino or hydroxyl groups in the 2 position. The o-aminothiophenol procedure should be tried with the larger polynuclear terminal ring p-quinones.
Inner-ring o-quinones can be identified or determined with the help of two tests60. In sulfuric acid they give blue to green colours with wavelength maxima ranging from that of 5,6-chrysenequinone ( A = 585 m11-and E = 12,500) to that of dibenz[a,h]anthra-5,6-quinone (A = 655 m11-and E = 10 ,500). In the second test blue salts are formed by reaction of the quinones with 3,4-dimethoxyaniline in boiling acetic acid. The long wavelength bands range in wavelength and intensity from that of 9, 10-phenanthraquinone (A = 590 mrl and e = 16,500) to that of 9,10-retenequinone (.\ = 615 ID{J-and e= 12,300). The methods have not as yet been applied to chromatograms for the characterization of these types of compounds.
Inner-ring p-quinones can be identified through the formation of the brilliantly coloured radical anion61, whose formation equation is postulated in Figure 10 . The usefulness of this procedure is shown by the test results Table 12 61 • With this procedure evidence was obtained that organic airborne particulates contain one or more inner-ring p-quinones with at least four fused rings per molecule. Negative results were obtained with benzoquinone, 1,4-naphthoquinone, phenanthraquinone, chrysene-5,6-dione, benzil, 9-acetylanthracene, and benzophenone. p-HYDROXYSTYRYL FUNCTIONAL GROUP Of all the mono-and di-cyclic phenols only those containing the -o-Q-c=c-group give a brilliant blue-green colour with MBTH62. The hydroxy group can be replaced by a methoxy, and probably by other types of RO-groupings. Examples of some of the compounds determined by this method are given in Table 13 . The method could be used to differentiate iso-eugenol from eugenol and iso-safrole from safrole. FORMIC ACID AND FORMATES Two main types of spectral procedures can be used for the analysis of formic acid63. The first involves reduction to formaldehyde and then the formation of a chromogen that can be measured colorimetrically, fluorometrically, or phosphorimetrically. The simplest procedure is to form a chromogen directly from the formic acid. Thus, by reaction with a quinaldinium or a lepidinium salt an intensely coloured trimethine dye can be formed. The structure of the blue cationic dye(VI) formed from 1-ethylquinaldinium iodide is as shown.
The results obtained with different quinaldinium and lepidinium salts are shown in Table 14 . Formaldehyde, acetaldehyde, propionaldehyde, glyoxal, benzaldehyde, dihydroxyacetone, acetic acid, malonic acid, citric acid, and ethyl formate give negative results in the procedure. To determine the formate esters, it is first necessary to hydrolyse them. ACYLATING AGENTS Acylating agents could be identified by the purple colour obtained with 4-pyridinecarboxaldehyde-2-benzothiazolylhydrozone on paper64. The Under the conditions of the test the less reactive alkylating agents do not react. 4-Acetylpyridine-2-benzothiazolyhydrazone could be used also as the impregnated reagent. The identification Iimits are in the same range as those in Table 15 , but the colours are bluer. Negative results were obtained with 1-iodobutane, nonanoic acid, benzoic acid, trichloroacetylchloride, 3,5-dinitrobenzoyl chloride, thionyl chloride, trifluoroacetic anhydride, phthalic anhydride, maleic anhydride, and succinic anhydride. Apparently, electronegatively substituted acylating agents and ring-structured anhydrides do not give a positive purple colour in the test.
